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(54) High pressure fuel pump for internal combustion engine 



(57) The invention relates to a high pressure fuel 
pump for an internal combustion engine having a cylin- 
der (20) : a plunger (2) slidably fitted in the cylinder (20) 
and a seal mechanism for blocking fuel leakage from an 
end of a sliding portion between the cylinder (20) and 
the plunger (2) and also for preventing a lubricant for a 
driving mechanism of the plunger (2) from entering into 
the cylinder (20) from the end of the sliding portion of 
the cylinder (20) and the plunger (2). A holder (21 ) sur- 
rounding the end of the sliding portion of the cylinder 
(20) and the plunger (2) is provided. The seal mecha- 
nism comprises two mutually dependent seal devices 
mounted with a specific spacing in a longitudinal direc- 
tion from the end of the sliding portion of the cylinder 
and the plunger along a circumference of the plunger. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a high pres- 
sure fuel pump for force-feeding high pressure fuel to a 
fuel injection valve of an internal combustion engine. 
[0002] An apparatus in the past had a rubber seal 
structure as structure for sealing an outer wall of a plung- 
er to be fluid-tight as disclosed in JP-A-8-68370 speci- 
fication. In addition, a fuel reservoir formed on a pres- 
surization chamber side of the seal structure was com- 
municated with a passage having pressure equal to at- 
mospheric pressure so as to be opened to the atmos- 
pheric pressure. 

[0003] However, such a high pressure fuel pump in 
the past requires a clearance of several |im to several 
tens of um between a cylinder inner wall and a plunger 
outer wall for the sake of plunger sliding. Upon fuel in- 
jection, if fuel in a fuel pressurization chamber is pres- 
surized, the fuel leaks from the clearance, so that the 
same pressure as a suction pressure is also applied to 
the fuel reservoir. In the case of using a rubber lip seal 
as tho seal structure, there was a problem that a limit 
value of resistance to pressure is too low to withstand 
the suction pressure, so that seal performance is dete- 
riorated. 

[0004] In orderto solve such a problem, an apparatus 
according to JP-A-8-68370 specification has the fuel 
reservoir in communication with to the passage having 
the pressure equal to atmospheric pressure, but to that 
end, leaked fuel must be returned to a fuel tank and so 
piping for tank return must be provided. For that reason, 
there were problems such as increase in working man- 
hours and increased costs. 

[0005] In addition, there was a problem that usable 
materials are limited due to formability of the lip seal, 
and seal performance deteriorates since its rigidity is ex- 
tremely reduced by the fuel including alcohol and so on 
resulting in little allowance. 

[0006] An object of the present invention is to provide 
a high pressure fuel pump for an internal combustion 
engine of low costs and high reliability implemented to 
solve the above problems. 

BRIEF SUMMARY OF THE INVENTION 

[0007] According to a first aspect of the present inven- 
tion, there is provided a high pressure fuel pump for an 
internal combustion engine having a cylinder, a plunger 
slidably fitted in the cylinder and a seal mechanism for 
blocking fuel leakage from an end of a sliding portion 
between said cylinder and said plunger and also for pre- 
venting an lubricant for a driving mechanism of said 
plunger from entering into said cylinder from said end of 
the sliding portion of said cylinder and said plunger, 
wherein: a holder surrounding Said end of the sliding 
portion of said cylinder and said plunger is provided; 



said seal mechanism comprises two mutually independ- 
ent seal devices mounted with a specific spacing in a 
longitudinal direction from said end of the sliding portion 
of said cylinder and said plunger along a circumference 

5 of said plunger; and the two seal devices are held on 
the circumference of said plunger by said holder sur- 
rounding said end of the sliding portion of said cylinder 
and said plunger while keeping said specific spacing. 
[0008] This embodiment may further comprise a 

io spacer for regulating said specific spacing mounted be- 
tween said two seal devices. 

[0009] In this embodiment, it is preferable that the seal 
device on said cylinder side, of said two seal devices, 
has a fuel seal function, and the remaining seal device 
15 has a lubricant seal function. 

[0010] According to a second aspect of the present 
Invention, there is provided a high pressure fuel pump 
for an internal combustion engine having a cylinder, a 
plunger slidably fitted in the cylinder, a seal mechanism 
20 for blocking fuel leakage from an end of the sliding por- 
tion of said cylinder and plunger and also preventing a 
lubricant for a driving mechanism of said plunger from 
entering into said cylinder from said end of the sliding 
portion of said cylinder and said plunger, and a holder 
25 having a screw portion for threadedly engaging with a 
pump body, said cylinder being mounted in said holder 
and being fixed to the pump body by threadely engaging 
the holder with the pump body, wherein: said holder has 
a cover portion for surrounding said sliding portion of the 
30 cylinder and plunger; said seal mechanism comprises 
two mutually independent seal devices mounted with a 
specific spacing in a longitudinal direction from said end 
of the sliding portion of said cylinder and said plunger 
along a circumference of said plunger; and the two seal 
35 devices are held on the circumference of said plunger 
by the cover portion of said holder while keeping the 
specific spacing. 

[0011] This embodiment may further comprise a 
spacer for regulating said specific spacing mounted be- 

40 tween said two seal devices. 

[0012] In this embodiment, it is preferable that the seal 
device on said cylinder side, of said two seal devices, 
has a fuel seal function, and the remaining seal device 
has a lubricant seal function. 

45 [0013] According to a third aspect of the present in- 
vention, there is provided a high pressure fuel pump for 
an internal combustion engine comprising a plunger for 
force-feeding fuel in a pressurization chamber, a suction 
valve provided at an inlet of the pressurization chamber, 

so a discharge valve provided at an exit of the pressuriza- 
tion chamber, a low pressure chamber provided on an 
upstream side of the suction valve, a cylinder for slidably 
holding said plunger, and a seal structures for rendering 
an outer circumference of said plunger sealed fluid-tight 

55 located at two locations at an outside of said cylinder 
and in an axial direction of said plunger, wherein an an- 
nular member made of a resin is used in the seal struc- 
ture located on said pressurization chamber side, of said 
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sea! structures at two locations. 
[0014] It is preferable that the seal structure on the 
opposite side to the pressurization chamber, of said seal 
structures at two locations, is a rubber annular structure. 
[0015] According to a fourth aspect of the present in- 
vention, there is provided a high pressure fuel pump for 
an internal combustion engine comprising a plunger for 
force-feeding the fuel in a pressurization chamber, a 
suction valve provided at an inlet of the pressurization 
chamber,^ discharge valve provided at an exit of the 
pressurization chamber, a low pressure chamber pro- 
vided on anupstream side of the suction valve, a cylin- 
der for slidably holding said plunger, and seal structures 
for rendering an outer circumference of said plunger 
sealed fluid-tight located at two locations at an outside 
of said cylinder and in an axial direction of the plunger, 
wherein there is provided in the cylinder a transverse 
hole by which the fuel leaked from the pressurization 
chamber to a fuel reservoir formed on a pressurization 
chamber side of the seal structures through a clearance 
between said cylinder and said plunger is returned to an 
inlet port. 

[0016] Other objects, features and advantages of the 
invention will become apparent from the following de- 
scription of the embodiments of the invention taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

[0017] 

Fig. 1. is:a vertical sectional view of a first embodi- 
ment of. a high pressure fuel pump for an internal 
combustion engine according to the present inven- 
tion; 

Fig. 2 is a partial enlarged sectional view of the first 
embodiment shown in Fig. 1 ; 
Fig. 3 is an exploded perspective view of a main 
part of the first embodiment shown in Figs. 1 and 2; 
Fig. 4 is a diagram showing a structure of a fuel in- 
jection system using the first embodiment; 
Fig. 5a is an enlarged sectional view of a discharge 
valve unit of the first embodiment; 
Fig. 5b is a sectional view taken along line Vb-Vb 
in Fig. 5a; 

Fig. 6 is a sectional view of another example of the 
discharge valve unit; 

Fig. 7a is a sectional view of a further example of 

the discharge valve unit; * 

Fig. 7b is an enlarged view of a part Q in Fig. 7a; 

Fig. 8a is an enlarged sectional view showing an 

example of a suction valve unit; 

Fig. 8b is a sectional view taken along line Vlllb-VI- 

llb in Fig. Ba; 

Fig. 9 is a sectional view showing another example 
of a plunger seal section; 

Fig. 1 0 is a sectional view showing a further exam- 
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pie of the plunger seal section; 
Fig. 1 1 is a sectional view showing a still further ex- 
ample of the plunger seal section; 
Fig. 12 is a vertical sectional view of a second em- 
5 bodiment of the high pressure fuel pump for an in- 
ternal combustion engine according to the present 
invention; 

Fig. 1 3 is a vertical sectional view of a third embod- 
iment of the high pressure fuel pump for an internal 
10 combustion engine according to the present inven- 
tion; 

Fig. 14 is a partial enlarged sectional view of the 
third embodiment; and 

Fig. 1 5 is a partial enlarged sectional view of a fourth 
15 embodiment of the high pressure fuel pump for an 
internal combustion engine according to the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

20 

[0018] Hereinafter, embodiments of the present in- 
vention will be described by referring to the accompa- 
nied drawings. 

[0019] Basic structure and operation of a high pros- 
es sure fuel pump for an internal combustion engine ac- 
cording to the present invention will be described by re- 
ferring to Figs. 1-4. Fig. 1 is a vertical sectional view of 
the whole of pump, Fig. 2 is an enlarged view of a main 
part of the pump, and Fig. 3 is an exploded view of a 
30 fuel injection system. 

[0020] A pump body 1 is formed with a fuel suction 
passage 10, a discharge passage 11 and a pressuriza- 
tion chamber 12. The fuel suction passage 10 and the 
discharge passage 11 are respectively provided with a 
35 suction valve 5 and a discharge valve 6, which are held 
in one direction by springs 5a and 6a to be check valves 
for limiting a fuel flow direction. The pressurization 
chamber 12 is formed by a pump chamber 12a to which 
a plunger 2 as a pressurization member slides, a suction 
JO port 1 5b in communication with the suction valve 5 and 
a discharge port 6b in communication with the discharge 
valve 6. 

[0021] In addition, in a suction chamber 10a, a sole- 
noid 200 is held on the pump body 1 and an engagement 

*s member 201 and a spring 202 are arranged on the so- 
lenoid 200. The engagement member 201 is biased by 
the spring 202 in a direction to open the suction valve 5 
when the solenoid 200 is off. As the biasing force of the 
spring 202 is larger than that of a spring 5a of the suction 

50 valve 5, the suction valve 5 is in an opened state when 
the solenoid 200 is off as shown in Figs. 1 and 2. Fuel 
is led by a low pressure pump 51 from a tank 50 to a 
fuel inlet of the pump body 1 . while it is regulated to be 
a certain pressure by a pressure regulator 52. Thereaf- 

>s ter, it is pressurized at the pump body 1 s and is force- 
fed from a fuel outlet to a common rail 53. The common 
rail 53 has injectors 54. a relief valve 55 and a pressure 
sensor 56 mounted thereon . The injectors 54 are mount- 
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ed Recording to the number of engine cylinders and in- 
ject the fuel in accordance with signals from an engine 
control unit (ECU) 40. In addition, the relief valve 55 is 
opened when the pressure inside the common rail 53 
exceeds a predetermined value, and prevents damage 5 
of a piping system. 

[0022] The operation will be described below. 
[0023] A lifter 3 provided at a lower end of the plunger 
2 is pressed into contact with a cam 1 00 by a spring 4. 
The plunger 2 is slidably held by a cylinder 20, and is 
reciprocated by the cam 100 rotated by an engine cam 
shaft and the like so as to change capacity in the pres- 
surization chamber 12. 

[0024] In addition, a plunger seal 30 is provided be- 
neath the cylinder 20 in order to prevent the fuel from 
leaking to a cam side. 

[0025] When the suction valve 5 is closed during a 
compression process of the plunger 2, the pressure in 
the pressurization chamber 12 rises and the discharge 
valve 6 is thereby automatically opened to force-feed 
the fuel to the common rail 53. 

[0026] While the suction valve 5 is automatically 
opened when the pressure in the pressurization cham- 
ber 1 2 becomes lower than that at the fuel inlet, its clos- 
ing is determined by the operation of the solenoid 200. 
[0027] When the solenoid 200 maintains an on (cur- 
rent-carrying) state, it generates more electromagnetic 
force than the biasing force of the spring 202 and draws 
the engagement member 201 to the solenoid 200 side 
so that the engagement member 201 and the suction 
valve 5 are separated. In this state, the suction valve 5 
becomes an automatic valve which is opened and 
closed in synchronization with reciprocation of the 
plunger 2. Accordingly, during the compression proc- 
ess , the suction valve 5 is closed, and the fuel equivalent 
to decreased capacity of the pressurization chamber 1 2 
is force-fed to the common rail 53 by pushing the dis- 
charge valve 6 open. 

[0028] In comparison with this, when the solenoid 200 
maintains an off (no current-carrying) state, the engage- 
ment member 201 is engaged with the suction valve 5 
by the biasing force of the spring 202, so that the suction 
valve 5 is kept in the opened state. Accordingly, even in 
the compression process, the pressure in the pressuri- 
zation chamber 12 remains almost as low as that at the 
fuel inlet, and so the discharge valve 6 cannot be 
opened, so that the fuel equivalent to decreased capac- 
ity of the pressurization chamber 12 is returned to the 
fuel inlet side through the suction valve 5. 
[0029] In addition, if the solenoid 200 is turned on in 
the middle of the compression process, the fuel is force- 
fed to the common rail 53 from that time. Moreover, once 
the force-feeding is started, the pressure in the pressur- 
ization chamber 12 rises, so that, even if the solenoid 
200 is turned off thereafter, the suction valve 5 remains 
closed and is automatically opened in synchronization 
wilh the start of the suction process. 
[0030] In this pump, the pressurization chamber 12 is 
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formed by pressing a suction valve holder 5b, a dis- 
charge valve seat 60 and the cylinder 20 into contact 
with to the pump body 1 . While a protector 70 is used in 
a pressed contact portion between the cylinder 20 and 
the pump body 1 , it is also possible to directly press the 
cylinder 20 into contact with the pump body 1 . Whether 
or not to use the protector 70 can be selected in accord- 
ance with use conditions described later. In addition, it 
is also possible, for the purpose of obtaining the same 
effect, to use it for the pressed contact portion between 
the pump body 1 and the other members than the cyl- 
inder 20. Moreover, a suction chamber 10a which is a 
fuel chamber, an annular chamber 1 0b and a fuel cham- 
ber 1 1 b are provided outside the pressed contact portion 
of the pressurization chamber 12. 
[0031] In general, to seal the pressurization chamber, 
a seal more expensive than an ordinary constant-pres- 
sure seal must be used for the purpose of withstanding 
pressure fluctuation in the pressurization chamber, 
whereas by adopting the above structure, a seal may 
not be used in the pressed contact portion and it is pos- 
sible to prevent slight fuel leakage from the pressed con- 
tact portion leading to fuel leakage outside the pump. 
[0032] Furthermore, it is possible to improve the seal 
performance by rendering a member to be pressed into 
contact with the pump body 1 harder than the pump 
body 1 to make the member dig into the pump body 1 . 
[0033] In addition, it is possible to improve the seal 
performance by using a soft material for the pump body 
1. 

[0034] On the other hand, there are the cases where 
the soft material is eroded (cavitated) and a seal surface 
gets damaged due to fuel cavitation when higher fuel 
pressure and higher-speed operation are implemented. 
[0035] This embodiment uses the protector 70, and 
has seal surfaces provided at two locations, that is, a 
seal surface 70a (plane) between the cylinder 20 and 
the pump body 1 and a seal surface 70b (cylindrical sur- 
face) inside a pump chamber 1 2a. The seal surface 70a 
is pressed into contact with the pump body 1 by screw- 
ing a cylinder holder 21 . In addition, the seal surface 70b 
is pressed into contact with the pump body 1 by press- 
fitting the protector 70. 

[0036] Thereby, it is possible to extend the pressed 
contact seal surfaces with the pump body 1 of the soft 
material, so that the period until the seal surfaces are 
completely penetrated can be prolonged. 
[0037] In addition, as the seal surface is divided into 
two as 70a and 70b, pressure propagation from the 
pressurization chamber is mitigated in a dividing section 
so as to prevent erosion of the seal surface 70a. 
[0038] While the protector 70 is placed in the pressed 
contact portion of the cylinder 20 in this embodiment, it 
may be placed in any other pressed contact portion. 
[0039] In addition, a low pressure chamber 10b in 
communication with the inlet chamber 10a is provided 
above the pump chamber 12a, which is a part of the 
pressurization chamber 12, and a wall portion 1a be- 
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tween them is the weakest portion of the entire walls of 
the pressurization chamber 12. 

[0040] Thereby, in the case where the pressure in the 
pressurization chamber abnormally rises due to some 
trouble, this weakest portion gets damaged and high 
pressure fuel is released to the low pressure chamber, 
allowing leakage thereof to the outside to be prevented. 
[0041 ] In addition, the cylinder 20 is fixed to the pump 
body 1 by threadably attaching a cylinder holder 21, 
which is.provided outside the cylinder 20, to the pump 
body 1. ^ 

[0042] An attaching portion C of the pump body 1 and 
the cylinder holder 21 is provided between a cylinder- 
fixing portion A on the pump body side and a cylinder- 
fixing portion B on the cylinder holder side. 
[0043] It is thereby possible, even in case of combin- 
ing the materials of different coefficients of linear expan- 
sion, that is, an aluminum material for the pump body 1 
and steel for the cylinder 20 (aluminum>sleel) ? to reduce 
a difference in expansion lengths (expansion length = 
expanded portion length x coefficient of linear expan- 
sion x changed temperature) on the pump body side 
and the cylinder side generated on a change of temper- 
ature because the expanded portion length on the pump 
body side (portion A to portion C) is shorter than that on 
the cylinder side (portion A to portion B). Accordingly, 
there will be neither clearance on a contact surface of 
the cylinder 20 and the pump body 1 nor deterioration 
of the seal performance due to reduction in pressed con- 
tact force. 

[0044] Jn addition, a fitting portion D into which the cyl- 
inder 20 is fitted is provided in the cylinder holder 21, 
and the fitting portion D and an engagement portion C 
between the cylinder holder 21 and the pump body 1 
have different positions on an axis of the cylinder. The 
engagement portion C is provided closer to an upper 
opening of the cylinder holder 21 than the fitting portion 
D. Moreover, the fitting portion D has a slight clearance. 
[0045] With this, even if the engagement portion C is 
deformed radially inwardly of the pump body due to ther- 
mal expansion of the pump body 1 while keeping the 
cylinder holder 21 and the cylinder 20 coaxial, rigidity of 
the engagement portion C on the cylinder holder side is 
lower than that of the fitting portion D and so the defor- 
mation radially and inwardly of the pump body hardly 
reaches the fitting portion D, so that it prevents tighten- 
ing of the cylinder 20. 

Accordingly, it is possible to keep a sliding clearance be- 
tween the plunger and the cylinder correct so as to pre- 
vent galling of the plunger 2 and so on. 
[0046] In addition, it is possible, by using the material 
of lower thermal conductivity than the pump body 1 for 
the cylinder holder 21 , to prevent galling of the plunger 
2 since heat of the pump body 1 is thereby hardly trans- 
ferred to the cylinder 20. 

[0047] Furthermore, it is possible to reduce heat 
transfer from the pump body 1 by performing resin coat- 
ing on a threaded portion of the cylinder holder 21 . 



[0048] In addition, an annular chamber 10c in com- 
munication with the suction chamber 10a is provided on 
a circumference of the cylinder 20. 
[0049] It is thereby possible to reduce the heat trans- 

5 fer from the pump body 1 to the cylinder 20 and also 
cool the cylinder 20 with the fuel. 
[0050] In addition, the plunger seal 30 for seating the 
fuel leakage from the plunger 2 sliding portion to the cam 
side and also sealing entry of oil from the cam side to 

10 the plunger sliding portion is held inside the cylinder 
holder 21 . 

[0051] It is thereby possible, as both of the cylinder 
20 and the plunger seal 30 are engaged with the com- 
mon cylinder holder 21 , to keep the plunger seal 30 and 
15 the plunger 2 as a sliding material coaxial so as to main- 
tain good seal performance of the plunger sliding por- 
tion. 

[0052] In addition, a plunger seal chamber 30a on the 
inner side of the plunger seal 30 is in communication 

20 with the annular chamber 10c through a clearance X be- 
tween the cylinder 20 and the plunger 2, a fuel reservoir 
20a provided inside the cylinder, and a passage 20b. 
Moreover, the circumference of the cylinder 20 is divided 
into tho annular chamber 1 0c in communication with the 

25 suction chamber 1 0a and the plunger seal chamber 30a 
by the fitting portion B. 

[0053] Moreover, the plunger seal chamber 30a is in 
communication with a return pipe 40 through a commu- 
nicating hole 2 1 a provided in the cylinder holder 2 1 . The 

30 return pipe 40 is in communication with the fuel tank 50 
in which pressure is approximately atmospheric pres- 
sure through return piping (not shown). Accordingly, the 
plunger seal chamber 30a has atmospheric pressure al- 
most equal to the fuel tank pressure since it is in com- 

35 munication with the fuel tank 50 through the return pipe 
40. 

[0054] According to the above-described structure, 
the fuel leaked from the pressurization chamber 12 
through the clearance between the cylinder 20 and the 

40 plunger 2 flows into the suction chamber 10a from the 
fuel reservoir 20a through the passage 20b. On the oth- 
er hand, low pressure is supplied from the suction cham- 
ber 1 0a to the fuel reservoir 20a, and so the fuel flows 
to the plunger seal chamber 30a through the clearance 

45 x. This fuel flows to the fuel tank 50 through the return 
pipe 40. At high temperature, however, the fuel Is apt to 
be gasified since the plunger seal chamber 30a is al- 
most at the atmospheric pressure. 
[0055] In this embodiment, a length of the clearance 

50 x from the fuel reservoir 20a to an opening of the cylin- 
der 20 to the plunger seal 30 is shorter than a recipro- 
cating sliding length of the plunger. 
[0056] It is thereby possible to secure a fuel oil film at 
the opening of the cylinder and improve lubricity so as 

55 to reduce abrasion, since a portion that is fuel-wetted in 
the fuel reservoir20a when the plunger2 is at a top dead 
center passes through the opening when it is at a bottom 
dead center. 
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[0057] In addition, a throttle portion 21b is provided 
between the plunger seal chamber 30a and the return 
pipe 40. 

[0058] it is thereby possible to regulate a fuel amount 
flowing from the plunger seal chamber 30a to the fuel 5 
tank 50, so that the fuel more easily remain in the plung- 
er seal chamber 30a so as to improve abrasion resist- 
ance of the plunger seal 30 and the cylinder opening by 
fuel lubrication. Especially, it is effective when the plung- 
er seal 30 is higher than the return pipe 40 (upside down 10 
in the indicated direction in Fig. 2) when the pump is 
mounted. 

[0059] Further, in this embodiment, the solenoid 200 
for controlling opening and closing time of the suction 
valve 5 is held inside the suction chamber 1 0a by a so- * 5 
lenoid holder 210, and an annular fuel chamber is 
formed between the solenoid 200 and the solenoid hold- 
er 210. 

[0060] It is thereby possible to cool the solenoid 200 
by the fuel. Alternatively, the annular fuel chamber may 20 
be formed on the solenoid circumference without using 
the solenoid holder. 

[0061] In addition, it is possible to reduce the transfer 
from the pump body 1 to the solenoid 200 by providing 
a screw portion on the circumference of the solenoid 25 
holder 21 0 and engaging it with a housing. 
[0062] Furthermore, it is possible, by using the mate- 
rial of lower thermal conductivity than that of the pump 
body 1 for the solenoid holder 210, to prevent burnout 
of the solenoid 200 since heat of the pump body 1 is 30 
thereby hardly transferred to the solenoid 200. 
[0063] Furthermore, it is possible to reduce the heat 
transfer from the pump body 1 by performing resin coat- 
ing on the screw portion of the solenoid holder 210. 
[0064] Moreover, it is possible, by gradually reducing 35 
driving currents for the solenoid 200 when it is off as 
shown in Fig. 4, to reduce collision force when it is off 
and prevent abrasion and damage of a portion to be col- 
lided. 

[0065] Furthermore, an operating distance of an ac- *o 
tuator of the solenoid 200 is rendered shorter according 
to that of the suction valve 5. 

[0066] It is thereby possible, even in the case where 
operating time (response when it is off) of the solenoid 
200 is slow, to promptly open the suction valve 5 on a ^5 
change of pressure in the pressurization chamber (on a 
shift from the discharge process to the suction process) 
so as to sufficiently secure opening area of the suction 
valve 5 and also reduce the collision force by shortening 
the operating distance of the solenoid 200. so 
[0067] It is thereby possible, as passage resistance 
on the suction valve 5 is reduced, to prevent reduction 
in the pressure in the pressurization chamber in the suc- 
tion process and restrain occurrence of cavitation. 
[0068] It is also feasible to render the operating dis- 55 
tance of the discharge valve 6 shorter than that of the 
suction valve 5. 

[0069] It is thereby possible to hold down backf low of 



the high pressure fuel into the pressuri7ation chamber 
due to delay in closing the discharge valve 6 (on the* shift 
from the discharge process to the inlet process) to the, 
minimum so as to restrain the occurrence of the cavita- ' 
tion in the pressurization chamber. 
[0070] Next, other press contacting manners of form- 
ing the pressurization chamber will be described by re- 
ferring to Figs. 5a, 5b, 6, 7a and 7b. 
[0071 ] The discharge valve 6 is a ball valve , and com- 
prises a ball holder 63. The ball holder 63 is a cylindrical 
shape and is slidably fitted in a discharge valve holder 
62. 

[0072] A ball is held by the ball holder 63 upon open- 
ing the ball valve 6, and therefore, it is possible to re- 
strain fluctuation of the ball so as to stabilize the fuel 
flow. Accordingly, it is possible to prevent the cavitation 
caused by disorder of the flow. 

[0073] In addition, an outerdiameter of the ball holder 
63 is rendered larger than the ball and cut-out portions 
are formed on the cylindrical portion as shown in Fig. 
5b. In this embodiment, three cut-out portions are 
formed, but the number thereof is not limited to three. 
[0074] With this structure, it is possible to form an ap- 
propriate fuel passage in the ball valve, and therefore, 
it is possible to prevent the cavitation caused by reduc- 
tion in the fuel pressure due to pressure loss. 
[0075] While this structure is not limited to the dis- 
charge valve, it is possible to secure oil tightness of high 
pressure piping with an inexpensive manner by adopt- 
ing it to the discharge valve as opposed to the case of 
using a conical valve. 

[0076] As for the discharge valve shown in Figs. 5a 
and 5b, a discharge valve seat 60 is pressed into contact 
with the pump body 1 to form the pressurization cham- 
ber, and a gasket 61 is placed on the circumference side 
of the discharge valve seat 60 so as to form the fuel 
chamber 11b. The discharge valve seat 60 and the gas- 
ket 61 are pressed into contact with the pump body 1 by 
screwing the discharge valve holder 62. Accordingly, the 
pressed contact portions to the pump body 1 to form the 
pressurization chamber 12 are two locations. 
[0077] With this structure, it is possible, even if there 
is slight fuel leakage from a first pressed contact portion 
located on the pressurization chamber side, to prevent 
the fuel leakage outside the pump. 
[0078] Furthermore, It is possible to securely prevent 
the fuel leakage outside the pump by rendering the gas- 
ket 61 less hard than the discharge valve seat 60 and 
the pump body 1. 

[0079] In addition, as a second press contact portion 
is not directly influenced by the pressure fluctuation in 
the pressurization chamber and the fuel flow, it can have 
secure seal performance without being involved in the 
fuel cavitation occurring in the pressurization chamber 
even if a soft material is used for the gasket 61 . 
[0080] As for the discharge valve shown in Fig. 6, the 
fuel chamber 11b is formed by placing a protector 61a 
between the discharge valve seat 60 and the pump body 
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1 and, outside thereof, by pressing the gasket 61 of the 
soft material against both the discharge valve seat 60 
arid the discharge valve holder 62. 
[0081] It is thereby possible to securely seal the fuel 
entering from a discharge chamber 11a downstream of 
the discharge valve 6 to the fuel chamber 11b, and 
therefore, it is possible to improve discharge efficiency 
of the pump even if there is slight fuel leakage from the 
first press contact portion on the pressurization chamber 
side by preventing the backflow of the discharged fuel 
into the pressurization chamber. 

[0082] The discharge valve shown in Figs. 7a and 7b 
is an example of the case where no excessive fuel cav- 
itation occurs, wherein one sheet of gasket 61 is 
pressed against the discharge valve seat 60, the dis- 
charge valve holder 62 and the pump body 1 . There is 
a groove 11c on a surface of the gasket 61 , thereby di- 
viding the press contact surface into two, so that the 
groove becomes the fuel chamber (or a space cham- 
ber). 

[0083] It is thereby possible, as the pressure propa- 
gation from the pressurization chamber is mitigated by 
the groove 11c, to prevent erosion of an outer seal sur- 
face of the gasket 61 . 

[0084] While the groove portion is placed on the sur- 
face of the gasket in this example, it is also feasible to 
place it on an opposite surface (a surface of the pump 
body and so on). 

[0085] While this example shows the example on a 
discharge valve seat portion, it is also feasible to apply 
it to another press contact portion. 
[0086] Next, the structure of the suction valve 5 will 
be described by referring to Figs. 8a and 8b. 
[0087] As for the suction valve in Fig. 8, the suction 
valve 5 is a flat valve having a cup-like cylindrical portion 
and the cylindrical portion is slidably received in the suc- 
tion valve holder 5b. 

[0088] With this structure, the cylindrical portion is 
held upon opening the flat valve, and therefore, it is pos- 
sible to restrain fluctuation of a valve body and stabilize 
the fuel flow. Accordingly, it is possible to prevent the 
cavitation caused by a disorder of the flow. In addition, 
it is possible to arrange the spring 5a for closing the 
valve in the cup-like cylindrical portion, so that space 
can be saved. 

[0089] In addition, cut-out portions forming a fuel pas- 
sage are provided in an inner circumference of the suc- 
tion valve holder 50 as shown in Fig. 8b. Moreover, while 
it is placed at five locations in this embodiment, the 
number of the cut-out portions is not limited to five. 
[0090] With this structure, it is possible to form an ap- 
propriate fuel passage the valve mechanism without 
rendering the cylindrical portion of the valve thicker. 
Therefore, it is possible to prevent the cavitation caused 
by the reduction in the fuel pressure due to the pressure 
loss and render the valve lightweight so as to improve 
an opening and closing response of the valve. 
[0091] While this structure is not limited to the suction 



valve, il is possible to prevent the cavitation caused by 
the reduction in the fuel pressure because adoption 
thereof in the suction valve allows higher response on 
opening the valve and thereby restrain the reduction in 

5 the fuel pressure in the pressurization chamber due to 
delay in valve opening at a start of the suction process. 
[0092] In addition, in the case of adoption thereof in 
the discharge valve, it allows the higher response on 
opening the valve, and it is thereby possible to restrain 

io increase in peak pressure in the pressurization chamber 
due to the delay in the valve opening at the start of the 
discharge process. 

[0093] Next, a second embodiment of the high pres- 
sure fuel pump for an internal combustion engine ac- 

*5 cording to the present invention will be described by re- 
ferring to Figs. 9, 10, 11 and 12. 
[0094] Fig. 12 is a view showing the same section as 
Fig. 1 , and the symbols therein are also the same as 
those in Fig. 1. Figs. 9 to 11 are the enlarged views of 

20 the plunger seal section in Fig. 12 and showing other 
examples of plunger seal shapes. 
[0095] In the second embodiment shown in Fig. 12, 
the return pipe 40 in communication with the fuel tank 
50 and the communicating hole 21 a are not provided as 

25 opposed to the first embodiment shown in Figs. 1 and 
2. In addition, a plurality of seals is provided by adding 
a ring seal 31 above the plunger seal 30. 
[0096] With this structure, an inner side of the plunger 
seal 31 becomes a blind alley only in communication 

30 with the opening of the cylinder. 

[0097] It is thereby possible, as the inner side of the 
plunger seal 31 is kept at the pressure on the suction 
side, to prevent gasification of the fuel and keep lubricity 
so as to improve the abrasion resistance. In addition, 

35 even when the pressure in the suction chamber 1 0a pul- 
sates due to the pump operation, the pressure pulsation 
is attenuated by the sliding portion clearance X between 
the plunger 2 and the cylinder 20, so that it is not con- 
veyed to the plunger seal 31 . Accordingly, it is possible 

40 to prevent the damage and abrasion of the plunger seal 
31. 

[0098] In addition, lubricant (oil, grease, etc.) is 
sealed in the plunger seal chamber 30a. 
[0099] It is thereby possible to improve the abrasion 
*s resistance of the seal and also to reduce the fuel leak- 
age from the plunger seal 30 since the fuel in the pump 
does not come into directly contact with the plunger seal 
30. 

[01 00] Moreover, while this second embodiment uses 
50 a plurality of plunger seals, it is also effective in the case 
of using only a lip seal 30 as the plunger seal as in the 
first embodiment shown in Fig. 1 . To be more specific, 
the inner side of the plunger seal 30 becomes the blind 
alley only in communication with the opening of the cyl- 
55 inder. 

[01 01 ] With this structure, the inner side of the plunger 
seal 30 is kept at the pressure on the suction side, and 
therefore, it is possible to prevent gasification of the fuel 
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and keep lubricity so as to improve the abrasion resist- 
ance. In addition, even when the pressure in the suction 
chamber 10a pulsates due to the pump operation, the 
pressure pulsation is attenuated by the sliding portion 
clearance X between the plunger 2 and the cylinder 20, 
so that it is not conveyed to the plunger seal 30. Accord- 
ingly, it is possible to prevent the damage and abrasion 
of the plunger seal 30. 

[0102] In additioa a lubricant (oil, grease, etc.) is 
sealed in the plunger seal chamber 30a. 
[0103] It is thereby possible to improve the abrasion 
resistance of the seal and also to reduce the fuel leak- 
age from the plunger seal 30 since the fuel in the pump 
does not come into directly contact with the plunger seal 
30. 

[0104] In addition, as in this second embodiment, it is 
possible, by adding the ring seal 31 above the plunger 
seal 30, to Improve pressure resistance of the seal 
which is direct contact with the fuel and alleviate the 
pressure exerted on the seal located outside of the 
pump so as to improve reliability of the seal perform- 
ance. 

[0105] Alternatively, a plurality of seals of different 
shapes is placed in the plunger sliding portion, and the 
seal located outside of the pump is rendered lip-shaped. 
[0106] The ring seal shapes are the shapes such as 
an O ring shown in Fig. 12, an O ring having a resin ring 
31a placed on the sliding side shown in Fig. 9, an X ring 
shown in Fig. 10, or a K ring shown in Fig. 11. 
[0107] It is possible, as the ring seals such as O, X 
and K have better formability than that of the lip seals, 
to select rubber materials according to the fuel to be 
used (alcohol, etc.) because of the degree of freedom 
of material selection. 

[0108] Next, the structure of a third embodiment of the 
high pressure fuel pump for an internal combustion en- 
gine according to the present invention will be described 
by referring to Figs. 13 and 14. 

[0109] In this third embodiment, the cylinder 20 and 
the pump body 1 are separate, and the pressurization 
chamber 1 2 is not in contact with the pump body 1 but 
is formed by the suction valve holder 5b, the discharge 
valve seat 60 and cylindrical tubes 5f , 6f press-fitted in 
the cylinder 20. Moreover, while the pressurization 
chamber is formed by a plug 20f press-fitted In an upper 
part of the cylinder 20 in order to improve workability of 
the cylinder 20, the plug may be integral with the cylin- 
der. 

[0110] It is thereby possible, even when the cylinder 
20 and the suction valve 5 or the discharge valve 6 is 
positioned apart from each other, to connect them by 
the cylindrical tubes 5f, 6f and to deform the cylindrical 
tubes and to fix them upon assembling, so that varia- 
tions in dimensions are absorbed. Accordingly, it is fea- 
sible to render the entire pump smaller, even in the case 
where the pump body 1 is not used to the wall of the 
pressurization chamber 12, because there is a degree 
of freedom in placement of the suction valve 5 or the 



discharge valve 6. 

[0111] In addition, it is possible to absorb the varia- 
tions in dimensions with the press contact portions of 
the cylindrical tubes upon assembling, 

5 [0112] Furthermore, it is possible to absorb the varia- 
tions in dimensions in two directions of X and Y by ren- 
dering the cylindrical tubes into a flanged-shape and 
having one side of the press contact portion in a plane 
surface contact and the other side of the press contact 

10 portion in cylindrical surface contact. 

[0113] The above structure can prevent cavitation 
damage even in the case of using the soft material such 
as aluminum for the pump body 1 . 
[0114] In addition, it is possible, even in the case of 

is using the materials of significantly different coefficients 
of linear expansion for the pump body 1 and the cylinder 
20, to prevent the plunger 2 from sticking caused by de- 
formation of a sliding hole of the cylinder due to change 
of temperature. 

20 [01 1 5] Moreover, it is possible, even in the case of us- 
ing the material of high thermal conductivity for the pump 
body 1 , to prevent the burnout of the solenoid 200 and 
the galling of the plunger 2. 

[0116] Accordingly, it is possible, by rendering the 
25 pump body all-aluminum, to provide the pump of high 
reliability that is lower-cost and lighter-weight due to im- 
provement in cuttability. 

[0117] A fourth embodiment of the present invention 
will be described by referring to Fig. 15. 

30 [0118] An annular seal member 301 made of resin 
(Teflon for instance) is used as a gasoline seal structure 
in order to improve the pressure resistance to the fuel. 
[0119] An rubber annular seal member 302 is mount- 
ed outside the resin annular seal member 301 , and they 

35 are fixed by being sandwiched by a spacer 304 and a 
seal holder 305. The rubber annular seal member 302 
provides an adequate clamping pressure between the 
resin annular seal member 301 and the plunger 2, so 
that good seal performance is obtained. 

40 [0120] An X ring 303 made of resin is used as a seal 
located on the oil side. The X ring is used not only be- 
cause of the abrasion resistance but because it also has 
a function of forming a gasoline seal between it and the 
holder 21 and forming an oil seal between it and the 

45 plunger. To be more specific, It has two seal functions 
formed by one seal. Thus, the seal for the gasoline be- 
comes more effective. 

[0121] The spacer 304 is made of aluminum, and the 
seal holder 305 uses an iron metal alloy called SUM 23 

50 in J IS standards. 

[0122] The spacer has a flange portion formed on its 
circumference, and the flange portion is sandwiched 
and fixed by the seal holder 305 and a step portion 
formed on an inner circumference of the holder 21 . A 

55 seal effect can also be expected between the spacer 
304 and the X ring 303. A seal effect can also be ex- 
pected between an X ring accepting surface of the hold- 
er and the X ring 303. 
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[0123] The seal holder 305 is press-fitted in the hold- 
er, and the seal mechanism can thereby be unitized with 
a bottom portion of the holder to be held. The cylinder 
20 is fixed on the pump body 1 by the cylinder holder 21 
thus having the seal mechanism mounted, and the 
plunger is lastly mounted, that is, after applying the 
grease thereto so that the X ring is not damaged. Thus, 
assembly workability can be improved. 
[0124] The gasoline leaked and accumulated in a fuel 
reservoir 300a flows back in the clearance between the 
cylinder and the plunger to reach a fuel reservoir 20a, 
and is returned to the suction chamber 1 0a from the pas- 
sage 20b (see the broken line in Fig. 4). 
[0125] A return passage was thereby removed, it is 
especially effective, from the viewpoints of reducing the 
man-hours and costs, that the return passage for return- 
ing only below 1 cc per minute of leaked gasoline to a 
gasoline tank is removed. 

[0126] Hereinafter, the embodiments and advantages 
of the present invention will be described. 
[0127] It is possible, by dividing the materials of the 
first and second press contact portions to use a hard 
material forthepressurization chamber side and the soft 
matcrialforthe outside, to preventtho first press contact 
portion from getting damaged by the cavitation and im- 
prove the seal performance of the second press contact 
portion. 

[0128] Moreover, it is possible, preferably by render- 
ing hardness of the second press contact material softer 
than that of the housing, to reduce the deformation of 
the seal surface on the housing side so as to keep good 
seal performance just by replacing the press contact 
material upon disassembling and reassembling. 
[0129] In addition, the pressurization chamber and 
the low pressure chamber are formed with the same ma- 
terial, and an isolating wall between them has strength 
that is the weakest in the pressurization chamber. 
[0130] Thus, if the pressure in the pressurization 
chamber rises abnormally due to some failure, this 
weakest portion gets damaged and the high pressure 
fuel is released to the low pressure chamber so as to 
prevent the fuel leakage to the outside. 
[0131] Alternatively, there is the cylinder holder, for 
fixing the cylinder, of the material different from' the 
housing, where the engagement portion C of the cylin- 
der holder and the housing is provided between the cyl- 
inder-fixing portion A on the housing side and the cylin- 
der-fixing portion B on the cylinder holder side. 
[0132] It is thereby possible, in the case of combining 
materials of different coefficients of linear expansion, 
that is, aluminum for the housing and steel for the cylin- 
der, an expansion length on the aluminum side is small- 
er than that on the cylinder side, so that the expansion 
length on the aluminum side can be rendered equal to 
the expansion length on the cylinder side when the tem- 
perature is high. Accordingly, there is neither clearance 
generated on the contact surface of the cylinder and the 
housing nor deterioration of the seal performance due 



to reduction in the press contact force. 
[01 33] In addition, it is preferable to fit the cylinder into 
the cylinder holder and locate this fitting portion and the 
engagement portion of the cylinder holder and the hous- 
5 mg at different positions on the cylinder axis. 

[01 34] It is thereby possible, while keeping the cylin- 
der holder and the cylinder coaxial, to prevent the cylin- 
der holder from deforming radially and inwardly due to 
expansion oUhe housing and tightening the cylinder 
io Accordingly, it is possible to keep the clearance of the 
sliding portion between the plunger and the cylinder cor- 
rect so as to prevent the galling of the plunger and so on . 
[0135] In addition, it is preferable to engage a seal 
member for sealing the plunger sliding portion with the 
15 cylinder holder. 

[01 36] It is thereby possible to keep the cylinder and 
the seal coaxial and keep the good seal performance of 
the sliding portion of the plunger. 
[0137] In addition, it is preferable to place the engage- 
*> ment portion C of the cylinder holder and the housing 
closer to the opening end of the cylinder holder than the 
fitting portion D of the cylinder holder and the cylinder. 
[0138] Thereby, the rigidity of the engagement portion 
C of the cylinder holder is lower than that of the fitting 
25 portion D and so the deformation in the inner diameter 
direction due to the expansion of the housing hardly 
reaches the fitting portion D. Accordingly, it is possible 
to keep the clearance between the plunger and the cyl- 
inder correct so as to prevent the galling of the plunger 
30 and so on. 

[0139] In addition, it is preferable to provide the screw 
portion on the circumference of the cylinder holder and 
engage it with the housing. 

[01 40] It is thereby possible to securely fix the cylinder 
55 by an inexpensive method. In addition, it is possible, by 
using the material of lower thermal conductivity than the 
housing for the cylinder holder, to prevent galling of the 
plunger since the heat of the housing is hardly trans- 
ferred to the cylinder. 

*o [0141] In addition, it is preferable to perform the resin 
coating on the screw portion. 

[0142] It is thereby possible to further reduce the heat 
transfer from the housing. 

[0143] Alternatively, the annular fuel chamber is 
™ formed on the circumference of the cylinder, which 
chamber is in communication with the low pressure 
chamber. 

[0144] It is thereby possible to reduce the heat trans- 
fer from the housing to the cylinder and also cool the 
50 cylinder with the fuel. 

[0145] Alternatively, it is feasible to provide the seal 
on the sliding portion of the plunger and provide the fuel 
reservoir in communication with the low pressure fuel 
chamber on the part of the sliding portion between the 
55 cylinder and the plunger in communication with the inner 
side of the seal. In this case, the inner side of the seal 
is the blind alley only in communication with the cylinder 
opening. 
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[0146] It is thereby possible, as the inner side of the 
seal is kept at the pressure on the suction side, to pre- 
vent gasification of the fuel and keep lubricity so as to 
improve the abrasion resistance. In addition, even when 
the pressure of the low pressure fuel chamber pulsates 
due to the pump operation, the pressure pulsation is at- 
tenuated by the clearance of the sliding portion between 
the plunger and the cylinder, so that it is not conveyed 
to the inner side portion of the seal. Accordingly, it is 
possible to prevent the damage and abrasion of the 
seal. 

[0147] In addition, the seal is placed on the sliding 
portion of the plunger, and the fuel reservoir in commu- 
nication with the low pressure fuel chamber is provided 
on the part of the sliding portion between the cylinder 
and the plunger in communication with the inner side of 
the seal wherein the distance from the fuel reservoir to 
the seal side opening of the cylinder is shorter than the 
sliding reciprocation length of the plunger. 
[0148] It is thereby possible, as the portion of the 
plunger fuel-wetted in the fuel reservoir when at the top 
dead center passes through the cylinder opening when 
at the bottom dead center to secure the oil film at the 
opening and improve the lubricity so as to reduce abra- 
sion. 

[0149] Alternatively, the seal is placed on the sliding 
portion of the plunger, and the pump side of the seal is 
in communication with the chamber of approximately 
the atmospheric pressure such as the fuel tank so as to 
place the throttling portion on a part of the communica- 
tion passage. 

[0150] It is thereby possible, by reducing the pressure 
exerted on the seal and regulating a fuel amount flowing 
from the seal portion to the atmospheric pressure cham- 
ber, to fill the seal portion with the fuel so as to improve 
the abrasion resistance of the seal and the cylinder 
opening. It is especially effective when the seal is locat- 
ed higher than the communication passage. 
[0151] Alternatively, the seal is placed on the sliding 
portion of the plunger, and the pump side of the seal is 
sealed with the lubricant (oil, grease, etc.). 
[0152] It is thereby possible to improve the abrasion 
resistance of the seal and also to reduce the fuel leak- 
age from the seal portion since the fuel in the pump does 
not directly come into contact with the seal. 
[0153] Alternatively, the annular fuel chamber is 
formed on the circumference of a heal generation por- 
tion (solenoid coil portion, etc.) of the actuator for con- 
trolling the opening and closing time of the suction valve, 
and this chamber is in communication with the low pres- 
sure chamber. 

[0154] It is thereby possible to cool the actuator with 
the fuel. 

[0155] In addition, it is preferable to provide an actu- 
ator holder for fixing the actuator and provide the screw 
portion on the circumference of the actuator holder so 
as to engage it with the housing: 
[01 56] It is thereby possible to reduce the heat trans- 



fer from the housing to the actuator and also securely 
fix the cylinder by the inexpensive method. In addition, 
it is possible, by using the material of lower thermal conK 
ductivity than the housing for the actuator holder, to pre- % 
5 vent burnout of the actuator since the heat of the hous- 
ing is hardly transferred. 

[0157] In addition, it is preferable to perform the resin 
coating on the screw portion. 

[01 58] It is thereby possible to further reduce the heat 
10 transfer from the housing. 

[0159] Alternatively, a driving power of the actuator for 

controlling the opening and closing time of the suction 

valve is gradually reduced when it is off. 

[0160] It is thereby possible to reduce the collision 
is force when it is off and preventthe abrasion and damage 

of the colliding portion. 

[0161] In addition, it is preferable to make a driving 
portion of the actuator and the suction valve in separate 
bodies so as to render the operating distance of the ac- 
20 tuator driving portion shorter than that of the suction 
valve. 

[0162] It is thereby possible, even in the case where 
the operating time (response when it is off) of the actu- 
ator is slow, to open the suction valve on the change of 

25 the pressure in the pressurization chamber (on the shift 
from the discharge process to the suction process). 
[0163] In addition, it is possible to reduce the collision 
force by shortening the operating distance of the actu- 
ator and also sufficiently secure the opening area of the 

30 suction valve. 

[0164] It is thereby possible, as the passage resist- 
ance on the suction valve is reduced, to prevent the re- 
duction in the pressure in the pressurization chamber 
upon the suction process and restrain the occurrence of 

35 the cavitation. 

[0165] It is also feasible to render the operating dis- 
tance of the discharge valve equal to or shorter than that 
of the suction valve. 

[01 66] It is thereby possible to hold down the backf low 

40 of the high pressure fuel into the pressurization chamber 
due to the delay in closing the discharge valve (on the 
shift from the discharge process to the suction process) 
to the minimum so as to restrain the occurrence of the 
cavitation in the pressurization chamber. 

45 [0167] Alternatively, at least one of the discharge 
valve and the suction valve is a ball valve, and there is 
a cylindrical member fitting this ball valve, and the cy- 
lindrical member is rendered slidable in the cylindrical 
member holder. 

so [0168] It is thereby possible, as the ball is held by the 
cylindrical member on opening the ball vah/e : to restrain 
the deflections of the ball so as to stabilize the fuel flow. 
Accordingly, it is possible to prevent the cavitation 
caused by the disorder of the flow. 

55 [0169] In addition, it is preferable to render the outer 
diameter of the cylindrical member larger than the ball 
valve diameter so as to form a notch at a part of the outer 
circumference of the cylindrical member. 



10 



19 



EP 1 277 951 A2 



20 



[0170] It is thereby possible, as the appropriate fuel 
passage can be formed in the valve mechanism., to pre- 
vent the cavitation caused by the reduction in the fuel 
pressure due to the pressure loss. 
[0171] !n addition, it is to secure the oil tightness of 
the high pressure piping with the inexpensive technique 
by adopting the above structure to the discharge valve. 
[0172] Alternatively, at least one of the suction valve 
and the discharge valve is the flat valve having the cup- 
like cylindrical portion, and the cylindrical portion is sli- 
dably held in the cylindrical portion holding member. 
[01 73] It is thereby possible, as the cylindrical portion 
is held upon opening of the flat valve, to restrain the de- 
flections of the valve body and stabilize the fuel flow. 
Accordingly, it is possible to prevent the cavitation 
caused by the disorder of the flow. In addition, the space 
can be saved by placing the spring for closing the valve 
in the cup portion. 

[0174] In addition, it is preferable lo provide the notch 
forming the fuel passage in a part of the inner circum- 
ference of the cylindrical portion holding member. 
[0175] It is thereby possible, as the appropriate fuel 
passage can be formed in the valve mechanism without 
rendering the valve body thicker, to prevent the cavita- 
tion caused by the reduction in the fuel pressure due to 
the pressure loss and render the valve body lightweight 
so as to improve the response upon open ing and closing 
the valve. 

[0176] In addition, it is preferable to prevent the cav- 
itation caused by the reduction in the fuel pressure be- 
cause adoption of the above structure in the suction 
valve allows higher response upon opening the valve 
and thereby restrain the reduction in the pressure in the 
pressurization chamber due to delay in the valve open- 
ing at the start of the suction process. 
[01 77] Alternatively, the cylinder and the housing are 
separated, and the cylindrical tubes are used for a part 
of the pressurization chamber. 

[0178] It is thereby possible, even when the cylinder 
member and the suction valve or the discharge valve 
are positioned apart from each other, to connect them 
by the cylindrical tubes and thereby deform the cylindri- 
cal tubes and fix them on assembly so as to abosorb 
variations in the dimensions. Accordingly, it is feasible 
to render the entire pump smaller even in the case 
where the housing is not used on the wall of the pres- 
surization chamber, because there is a degree of free- 
dom in the placement of the suction valve or the dis- 
charge valve. 

[0179] In addition, it is preferable to hold the cylindri- 
cal tubes by press contact. 

[0180] It is thereby possible to absorb the variations 
in the dimensions in the press contact portions upon as- 
sembling. 

[0181] In addition, it is preferable to absorb the varia- 
tions in the dimensions in the two directions of X and Y 
by having one side of the press contact portion in the 
plane contact and the other side in the cylindrical sur- 



face contact. 

[01 82] The above structure can prevent the cavitation 
damage even in case of using the soft material such as 
aluminum for the housing. 

5 [01 83] In addition, it is possible, even in case of using 
the materials of significantly different coefficients of lin- 
ear expansion for the housing and the cylinder, to pre- 
vent the plunger from sticking caused by the deforma- 
tion of the sliding hole of the cylinder due to the change 

10 of temperature. 

[0184] Moreover, it is possible, even in case of using 
the material of high thermal conductivity for the housing, 
to prevent the burnout of the actuator and the galling of 
the plunger. 

'5 [0185] Accordingly, it is possible, by rendering the 
housing all-aluminum, to provide the pump of high reli- 
ability that is lower-cost and lighter-weight due to im- 
provement in the cuttabiiity. 

[0186] Moreover, a plurality of seals of different 
^0 shapes are placed on the plunger sliding portion. 

[0187] In addition, it is preferable to render the seal in 
the pump outer side direction lip-shaped. 
[0188] Furthermore, the seals in the pump inner side 
direction have the shapes such as the O ring (including 
25 the one having the resin ring and so on placed on the 
sliding side) or the X/K rings. 

[0189] It is thereby possible to improve the resistance 
to pressure of the seal contacting the fuel chamber on 
the pump inner side and alleviate the pressure exerted 

30 on the seal on the pump outer side so as to improve 
reliability of the seal performance. 
[0190] In addition, the ring seals such as O, X and K 
have better formability than the lip seals and so there is 
a degree of freedom of material selection. Accordingly, 

35 it is thereby possible to select the rubber materials ac- 
cording to the fuel to be used. 

[0191] According to the embodiments, it is possible to 
provide the high pressure fuel pump which solves the 
problem when using the soft material such as an alumi- 
40 num alloy for a pump housing, is highly reliable and has 
good cutting workability. It is thereby feasible to imple- 
ment a lower-cost and lighter-weight high pressure fuel 
supply pump. 

[0192] Of the seal structures for rendering the outer 
•*s circumference of the plunger fluid-tight at an outside of 
the cylinder and at two locations in the axial direction of 
the plunger, the structure on the pressurization chamber 
side is the one using an annular member made of a high- 
ly rigid resin. 

so [0193] It is thereby possible to secure the resistance 
to pressure against the fuel and also prevent mixing of 
the fuel into the oil. 

[0194] In addition, a rubber annular member is used 
for the seal structure on the opposite side to the pres- 
55 surization chamber. 

[0195] it is thereby possible to prevent mixing of the 
oil into the fuel and also prevent contamination in the oil 
from flowing into the pump. 
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[0196] In addition, it should have a mechanism where- 
in the fuel leaked to the reservoir formed on the pres- 
surization chamber side of the seal structure is returned 
to a suction port from the pressurization chamber 
through the clearance between the cylinder and the 
plunger. 

[0197] It is thereby possible to omit the piping from 
the pump to the fuel tank so as to reduce man-hours 
and costs. 

[0198] According to the present invention, it is possi- 
ble, by adding a contrivance to the seal mechanism, to 
implement the high pressure fuel pump which is low- 
cost and has the secure seal. 

[0199] It will be further understood by those skilled in 
the art that the foregoing description has been made on 
embodiments of the invention and that various changes 
and modifications may be made in the invention without 
departing from the spirit of the invention and scope of 
the appended claims. 



Claims 

1. A high pressure fuel pump for an internal combus- 
tion engine having a cylinder (20), a plunger (2) sl- 
idably fitted in the cylinder (20) and a seal mecha- 
nism for blocking fuel leakage from an end of a slid- 
ing portion between said cylinder (20) and said 
plunger (2) and also for preventing a lubricant for a 
driving mechanism of said plunger (2) from entering 
into said cylinder (20) from said end of the sliding 
portion of said cylinder (20) and said plunger (2), 
wherein: 

a holder (21 ) surrounding said end of the sliding 
portion of said cylinder (20) and said plunger 
(2) is provided; 

said seal mechanism comprises two mutually 
independent seal devices mounted with a spe- 
cific spacing in a longitudinal direction from said 
end of the sliding portion of said cylinder (20) 
and said plunger (2) along a circumference of 
said plunger (2) ; and 

the two seal devices are held on the circumfer- 
ence of said plunger (2) by said holder (21 ) sur- 
rounding said end of the sliding portion of said 
cylinder (20) and said plunger (2) while keeping 
said specific spacing. 

2. A high pressure fuel pump according to claim 1 , fur- 
ther comprising a spacer for regulating said specific 
spacing mounted between said two seal devices. 

3. A high pressure fuel pump according to claim 1, 
wherein the seal device on said cylinder (20) side, 
of said two seal devices, has a fuel seal function, 
and the remaining seal device has a lubricant seal 
function. 



4. A high pressure fuel pump for an internal combus- 
tion engine having a cylinder (20), a plunger (2) sl- 
idably fitted in the cylinder (20), a seal mechanism 
for blocking fuel leakage from an end of the sliding 

5 portion of said cylinder (20) and plunger (2) and also 
preventing a lubricant for a driving mechanism of 
said plunger (2) from entering into said cylinder (20) 
from said end of the sliding portion of said cylinder 
(20) and said plunger (2), and a holder (21) having 

10 a screw portion for threadedly engaging with a 
pump body (1 ), said cylinder (20) being mounted in 
said holder (21) and being fixed to the pump body 
(1 ) by threadedly engaging the holder (21 ) with the 
pump body (1 ), wherein: 

15 

said holder (21) has a cover portion for sur- 
rounding said sliding portion of the cylinder (20) 
and plunger (2); 

said seal mechanism comprises two mutually 
20 independent seal devices mounted with a spe- 

cific spacing in a longitudinal direction from said 
end of the sliding portion of said cylinder (20) 
and said plunger (2) along a cicumference of 
said plunger (2); and 
25 the two seal devices are held on the circumfer- 

ence of said plunger (2) by the cover portion of 
said holder (21) while keeping the specific 
spacing. 

30 5. A high pressure fuel pump according to claim 4, fur- 
ther comprising a spacerf or regulating said specific 
spacing mounted between said two seal devices. 

6. A high pressure fuel pump according to claim 4, 
35 wherein the seal device on said cylinder (20) side, 
of said two seal devices, has a fuel seal function, 
and the remaining seal device has a lubricant seal 
function. 

40 7. A high pressure fuel pump for an internal combus- 
tion engine comprising a plunger (2) for force-feed- 
ing fuel in a pressurization chamber (12), a suction 
valve (5) provided at an inlet of the pressurization 
chamber (12), a discharge valve (6) provided at an 

45 exit of the pressurization chamber (1 2), a low pres- 
sure chamber (10b) provided on an upstream side 
of the suction valve (5), a cylinder (20) for slidably 
holding said plunger (2), and a seal structures for 
rendering an outer circumference of said plunger 

so (2) sealed fluid-tight located at two locations at an 
outside of said cylinder (20) and in an axial direction 
of said plunger (2), 

wherein an annular member made of a resin 
is used in the seal structure located on said pres- 

55 surization chamber (1 2) side, of said seal structures 
at two locations.. 

8. A high pressure fuel pump according to claim 7, 
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wherein the seat structure on the opposite side to 
the pressurization chamber (12), of said seal struc- 
tures at two locations, is a rubber annular structure. 

A high pressure fuel pump for an internal combus- 5 
tion engine comprising a plunger (2) for force-feed- 
ing the fuel in a pressurization chamber ( 1 2) . a suc- 
tion valve (5) provided at an inlet of the pressuriza- 
tion chamber (12), a discharge valve (6) provided 
at an exit of the pressurization chamber (12), a low 10 
pressure chamber (10b) provided on an upstream 
side of the suction valve (5), a cylinder (20) for sli- 
dably holding said plunger (2), and seal structures 
for rendering an outer circumference of said plunger 
(2) sealed fluid-tight located at two locations at an 15 
outside of said cylinder (20) and in an axial direction 
of the plunger (2), 

wherein there is provided in the cylinder (20) 
a transverse hole (20b) by which the fuel leaked 
from the pressurization chamber (12) to a fuel res- 20 
ervoir (20a) formed on a pressurization chamber 
(1 2) side of the seal structures through a clearance 
between said cylinder (20) and said plunger (2) is 
returned to an inlet port. 
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(54) High pressure fuel pump for internal combustion engine 



(57) The invention relates to a high pressure fuel 
pump for an internal combustion engine having a cylin- 
der (20) : a plunger (2) slidably fitted in the cylinder (20) 
and a seal mechanism for blocking fuel leakage from an 
end of a sliding portion between the cylinder (20) and 
the plunger (2) and also for preventing a lubricant for a 
driving mechanism of the plunger (2) from entering into 
the cylinder (20) from the end of the sliding portion of 
the cylinder (20) and the plunger (2). A holder (21) sur- 
rounding the end of the sliding portion of the cylinder 
(20) and the plunger (2) is provided. The. seal mecha- 
nism comprises two mutually dependent seal devices 
mounted with a specific spacing in a longitudinal direc- 
tion from the end of the sliding portion of the cylinder 
and the plunger along a circumference of the plunger. 
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